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Japanese Patent No. 3710452 
[Claims] 

[Claim 1] 

An image reading apparatus comprising image reading 
means for reading an image on an original for each pixel; 
and. pixel interpolation means for compensating for pixel 
data corresponding to a target pixel through interpolation 
with interpolation data, 

said pixel interpolation means comprising degree-of- 
flatness detecting means for detecting the degree of 
flatness of a plurality of pixel data situated in the 
vicinity of the target pixel; filter-size selecting means 
for selecting a filter size according to a result of 
detection provided by said degree-of-flatness detecting 
means; and interpolation-data computing means for couputing 
the interpolation data by performing a filtering operation 
on the plurality of pixel data situated in the vicinity of 
the target pixel according to the filter size selected. 
[Claim 2] 

An image reading apparatus according to claim 1, 
wherein said image reading means is conposed of a plurality 
of image sensors arranged in a row at predetermined 
intervals, and the target pixel is a pixel corresponding to 
a space between adjacent image sensors. 

[Claim 3] 
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An image reading apparatus according to claim 1 or 2, 
wherein said interpolation-data computing means includes a 
plurality of filters having respective different filter 
sizes. 

[Claim 4] 

An image reading apparatus according to any one of 
claims 1 to 3, wherein said filter size is based on the 
number of pixels that said interpolation-data computing 
means makes reference to when computing the interpolation 
data. 

[Claim 5] 

An image reading apparatus according to any one of 
claims 1 to 4, wherein said degree-of-flatness detecting 
means detects the degree of flatness of a plurality of pixel 
data situated on each of both sides of the target pixel. 
[Claim 6) 

An image reading apparatus according to claim 5, 
wherein said degree-of-flatness detecting means computes a 
maximum value and a minimum value of the plurality of pixel 
data situated on each of both sides of the target pixel, and 
determines that the degree of flatness is high, if a 
difference between the maximum value and the minimim value 
is not greater than a predetermined threshold value. 

[Claim 7] 

An image reading apparatus according to claim 5, 
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wherein said degree-of -flatness detecting means detects the 
degree of flatness of the plurality of pixel data situated 
on each of both sides of the target pixel. 

[Claim 8] 

A data interpolation method for an image reading 
apparatus having image reading means for reading an image on 
an original for each pixel and arranged to compensate for 
pixel data corresponding to a target pixel through 
interpolation with interpolation data, said data 
interpolation method comprising; 

detecting the degree of flatness of a plurality of 
pixel data situated in the vicinity of the target pixel; 
selecting a filter size according to a result of detection 
of the degree of flatness; and computing the interpolation 
data by performing a filtering . operation on the plurality of 
pixel data situated in the vicinity of the target pixel 
according to the filter size selected. 

[Claim 9] 

A control program for allowing a conputer to execute a 
data interpolation method for an image reading apparatus 
having image reading means for reading an image on an 
original for each pixel and arranged to compensate for pixel 
data corresponding to a target pixel through interpolation 
with interpolation data, the method comprising: 

a step of detecting the degree of flatness of a 
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plurality of pixel data situated in the vicinity of the 
target pixel; 

a step of selecting a filter size according to a result 
of detection of the degree of flatness; and 

a step of confuting the interpolation data by 
performing a filtering operation on the plurality of pixel 
data situated in the vicinity of the target pixel according 
to the filter size selected. 
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[Name of Docxment] SPECIFICATION 

[Title of the Invention] IMAGE READING APPARATUS , DATA 
INTERPOLATION METHOD, AND CONTROL PROGRAM 
[Claims] 

[Claim 1] An image reading apparatus comprising image 
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reading means for reading an image on an original for each 
pixel; and pixel interpolation means for compensating for 
pixel data corresponding to a target pixel through 
interpolation with interpolation data, 

said, pixel interpolation means comprising deqree-of- 

flatness detecting means for detecting the degree of 
flatness of a plurality of pixel data situated in the 
vicinity of the target pixel; filter-size selecting means 
for selecting a filter size according to a result of 
detection provided, by said degree-of-flatness detecting 
means; and interpolation-data computing means for computing 
the interpolation data by performing a filtering operation 
on a plurality of pixel data situated in the vicinity of the 
defective pixel according to the filter size selected. 

[Claim 2] An image reading apparatus according to claim 1, 
wherein said image reading means is composed of a plurality 
of image sensors arranged in a row at predetermined 
intervals, and the target pixel is a pixel corresponding to 
a space between adjacent image sensors. 

[Claim 3] An image reading apparatus according to claim 1 
or 2 , wherein said interpolation-data computing means 
includes a plurality of filters having respective different 
filter sizes. 

[Claim 4] An image reading apparatus according to any one 
of claims 1 to 3, wherein said filter size is based on the 
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nuiT>ber of pixels that said interpolation-data computing 
means makes reference to when computing the interpolation 
data. 

[Claim 5] An image reading apparatus according to any one 
of claims 1 to 4/ wherein said deqree-of-flatness detecting- 
means detects the degree of flatness of a plurality of pixel 
data situated on each of both sides of the target pixel. 

[Claim 6] An image reading apparatus accordincf to claim 5/ 
wherein said deqree-of-flatness detecting means computes a 
maximum value and a minimum value of the plurality of pixel 
data situated on each of both sides of the target pixel, and 
determines that the degree of flatness is high, if a 
difference between the maximum value and the minimum value 
is not greater than a predetermined threshold, value. 

[Claim 7] An image reading apparatus according to claim 5> 
wherein said deqree-of-correlation detecting means detects 
the degree of flatness of the plurality of pixel data 
situated on each of both sides of the target pixel. 

[Claim 8] A data interpolation method for an image 
reading apparatus having image reading means for reading an 
image on an original for each pixel and arranged to 
compensate for pixel data corresponding to a target pixel 
through interpolation with interpolation data, said data 
interpolation method comprising; 

detecting the degree of flatness of a plurality of 
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pixel data situated in the vicinity of the target pixel; 
selecting a filter size according to a result of detection 
of the degree of flatness; and computing the interpolation 
data by performing a filtering operation on the plurality of 
pixel data situated in the vicinity of the target pixel 
according to the filter size selected. 

[Claim 9] A control program for allowing a computer to 
execute a data interpolation method for an image reading 
apparatus having image reading means for reading an image on 
an original for each pixel and arranged to compensate for 
pixel data corresponding to a target pixel through 
interpolation with interpolation data, the method 
comprising: 

a step of detecting the degree of flatness of a 

plurality of pixel data situated in the vicinity of the 
target pixel; 

a step of selecting a filter size according to a result 

of detection of the degree of flatness; and 

a step of computing the interpolation data by 

performing a filtering operation on the plurality of pixel 
data situated in the vicinity of the target pixel according 
to the filter size selected. 

[Detailed Description of the Invention] 

[ 0001 ] 

[Technical Field of the Invention] 
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The present invention relates to image reading 
apparatuses, such as an image scanner, a facsimile machine 
and a copying machine, and to data interpolation methods and 
control programs for the image reading apparatuses . 

[ 0002 ] 

[Description of the Related Art] 

Heretofore, there has been known an image reading 
apparatus for reading an image on an original to produce a 
digital signal for each pixel. More specifically, the image 
reading apparatus is provided with a plurality of image 
reading sensors each having a one-dimensional array of 
pixels, and the plurality of image reading sensors are 
^.rranged in a row in the direction of the array of pixels so 
as to cover the required image reading range and are 
configured to read an image on an original while moving in 
the direction perpendicular to the direction of the array of 
pixels, thereby producing a two-dimensional digital signal. 

[0003] 

However, in such a type of image reading apparatus, as 
the reading resolution becomes higher, it becomes difficult 
to accurately set the distance in a joint portion between 
each pair of adjacent image reading sensors of the plurality 
of image reading sensors to a. distance approximately 
equivalent to one pixel, if the distance in a joint portion 
between adjacent image reading sensors is large, when an 
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image on an original having periodicity, such as a halftone- 
dotted image in print, is read, missing data occurs at a 
part of image data read, corresponding to the position of the 
joint portion between adjacent image reading sensors, so 
that streak-like noises would be unfavorably generated, 
thereby causing deterioration of image quality. 

[0004] 

In order to compensate for such missing data in the 
joint portion between adjacent image reading sensors through 
interpolation, there is proposed a method of performing one- 
dimensional filtering computation (for example, see Patent 
Document 1) . In the proposed method, such filtering 
computation is performed at all elements of image data 
whether in interpolation positions or not. Then, a 
difference between a result of filtering computation and 
actual data (luminance value) in an arbitrary data position 
other than any interpolation position is obtained, and the 
result of filtering computation that has been found to be 
nearest the actual data is selected as a result of filtering 
computation in an interpolation position. 

[0005] 

[Patent Document 1] Japanese Patent Laid-open No. 
2003-8853 

[0006] 

[Problems to be Solved by the Invention] 
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However, in the aforementioned related art (for example. 
Patent Document 1), since a comparison is made between each 
of a plurality of results of filtering confutation and the 
associated actual luminance value in all pixels except joint 
portions of image reading sensors, a complicated, processing 
operation is required. Also, in order to perform high- 
precision interpolation, it is necessary to increase the 
number of pieces of reference data. Therefore, the above- 
mentioned proposed method has limitations from the viewpoint 
of simply and precisely compensating for missing data in 
joint portions of image reading sensors through 
interpolation so as to obtain a high-quality image. 

[0007} 

In order to solve the aforementioned problem in the 
related art, it is an object of the present invention to 
provide an image reading apparatus, in which a plurality of 
image reading sensors are joined with one another, and which 
is capable of simply and. precisely conpensating for 
defective data in joint portions of the plurality of image 
reading sensors through interpolation so as to obtain a 
high-quality image, and to provide a data interpolation 
method and a control program for the image reading apparatus . 

[0008] 

[Means for Solving the Problems] 

To attain the above object, an image reading apparatus 
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as set forth in claim 1 i$ an image reading apparatus 
including image reading means for reading an image on an 
original for each pixel; and pixel interpolation means for 
compensating for pixel data corresponding to a target pixel 
through interpolation with interpolation data. The pixel 
interpolation means includes degree— of-^flatness detectint^ 
means for detecting the degree of flatness of a plurality of 
pixel data situated in the vicinity of the target pixel; 
filter-size selecting means for selecting a filter size 
according to a result of detection provided by the degree- 
of-flatness detecting means; and interpolation-data 
computing means for computing the interpolation data by 
performing a filtering operation on a plurality of pixel 
data situated in the vicinity of the defective pixel 
according to the filter size selected. 

[0009] 

A data interpolation method as set forth in claim 8 is 
a data interpolation method for an image reading apparatus 
having image reading means for reading an image on an 
original for each pixel and arranged to compensate for pixel 
data corresponding to a target pixel through interpolation 
with interpolation data. The data interpolation method 
includes detecting the degree of flatness of a plurality of 
pixel data situated in the vicinity of the target pixel; 
selecting a filter size according to a result of detection 
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of the degree of flatness; and computing the jLirterpolation 
data by performing a filtering operation on the plurality of 
pixel data situated in the vicinity of the target piatel 
according to the filter size selected. 

[ 0010 ] 

A control program as set forth in claim 9 is a control 
program for allowing a computer to execute a data 
interpolation method for an image reading apparatus having 
image reading means for reading an image on an original for 
each pixel and arranged to compensate for pixel data 
corresponding to a target pixel through Interpolation with 
interpolation data. The method includes a step of detecting 
the degree of flatness of a plurality of pixel data situated 
in the vicinity of the target pixel; a step of selecting a 
filter size according to a result of detection of the degree 
of flatness; and a step of computing the interpolation data 
by performing a filtering operation on the plurality of 
pixel data situated in the vicinity of the target pixel 
according to the filter size selected. 

[ 0011 ] 

[Description of the Embodiments] 

Hereinafter, embodiments of the present invention will 
be described in detail with reference to the drawings. 

[ 0012 ] 

[First Embodiment] 
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<Outline Arrangement of Image Reading Apparatus> 

Fig. 1 is a block diagram showing the arrangement of an 
interpolation computing portion provided, in an image reading 
apparatus (scanner) according to a first embodiment of the 
invention, and Fig. 2 is a diagram showing the appearance of 
the image reading apparatus according to the first 
embodiment. 

[0013] 

Referring first to Fig. 2, in the scanner, which is the 
image reading apparatus according to the first embodiment, 
an image on a sheet of paper, which serves as an original, 
is illuminated and is then scanned by a one-line image 
reading sensor (see Fig. 3) so as to be converted into an 
electrical signal as raster image data. When the user of 
the apparatus sets the original on an original-placing board 
glass of the scanner and operates an operation portion (not 
shown) to give an instruction for reading, the scanner reads 
the original to convert an image thereon into an electrical 
signal. Alternatively, when the user of the apparatus sets 
sheets of paper on a tray 202 of a document feeder 201 and 
operates the operation portion to give an instruction for 
reading, the document feeder 201 feeds the sheets of paper 
one by one to enable the scanner to read an image on each 
original . 

[0014] 
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<Details of Image Reading Sensor> 

Figs. 3(a) and (b) are diagrams for illustrating the 
operation of the image reading sensor according to the first 
embodiment. Fig. 3(a) shows an original -placing board glass 
3Q and a one-line image reading sensor and Fig. 3(b) 

shows an enlarged view of the one- line image reading sensor. 

[0015] 

Referring to Fig. 3(a), when the user of the apparatus 
sets an original on the original-placing board glass 30 in 
such a manner that an image to be read points downward, the 
original is illuminated by illumination means, and light 
reflected from the original passes through a lens (SELFOC 
(trademark) lens array or the like) to form an optical image 
on the one-line image reading sensor 31. The one-line image 
reading sensor 31 converts the optical image into an analog 
electrical signal, which is then converted into digital 
image data by an A/D converter (not shown) . Since the one- 
line image reading sensor 31 has photoelectric conversion 
devices, such as CCD devices, to generate image data in the 
main-scanning direction, the scanner transports the one-line 
image reading apparatus 31 in the direction perpendicular to 
the main-scanning direction (in the sub-scanning direction) 
to generate two-dimensional image data. 

[0016] 

The one-line image reading sensor 31 is composed of a 
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plurality of small image sensors 31-1 to 31-10 so as to 
supply a required number of main-scanning pixels. Assuming 
that an image 300 mm wide is read at the resolution of 600 
dpi, the required number of main- scanning pixels becomes: 

300 mm / (25.4 / 600) = about 7100 pixels, 
where 1 inch = 25.4 mm. 

Each of the image sensors 31-1 to 31-10 is composed of 710 
pixels, so that tens of "710 pixels" constitute "7100 
pixels". Since the reading resolution is assumed to be 600 
dpi, the distance (length) of one pixel is as follows: 

1 / 600 inch - 25.4 / 600 mm = about 0.0423 mm- 
Accordingly, the distance "A" shown in Fig. 3(b) is about 
0.0423 mm in the case of the first embodiment. 

[0017] 

If the interval between the last pixel L of each of the 
image sensors 31-1 to 31-9 and the first pixel F of the next 
image sensor is made to be about 0.0423 mm, no problems 
would arise. However, in terms of the structural 
arrangement of image sensor chips, it may be very difficult 
or physically impossible to set such an interval, and a 
larger interval might be required. In the case of the first 
embodiment, the interval between image sensor chips is made 
to be "2A", which is twice as large as the distance "A", so 
that the packaging of the image sensors 31-1 to 31-10 can be 
facilitated . 
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[0018] 

However, since the interval between the pixel L and the 
pixel F is larger than the interval between adjacent pixels 
disposed in one image sensor, as shown in Fig. 3(b), joint 
portions of the image sensors 31-1 to 31-10 would be 
conspicuous. Therefore, in the first embodiment, image data 
corresponding to a pixel H, which is situated between the 
pixel L and the pixel F and is unreadable, is computed by an 
interpolation computing portion, which will be described 
below, and is used to make the joint portions of the image 
sensors 31-1 to 31-10 not conspicuous. 

[0019] 

Since the pixel H, which is to be subjected to 
interpolation, exists in each of the joint portions of the 
image sensors 31-1 to 31-10, ,in the first embodiment, it 
becomes necessary to make the interpolation computing 
portion perform a computing operation at nine points in 
total, i.e., from a pixel Hi between the first image sensor 
and the second image sensor to a pixel H9 between the ninth 
image sensor and the tenth image sensor. 

[ 0020 ] 

<Details of Interpolation Computing Portion> 

Referring to Fig. 1, the interpolation computing 
portion is composed of image input means 101, selection 
signal generating means 102, first filter means 103, second 
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filter means 104 and selector means 105. 

[ 0021 ] 

When image data is inputted from the image input means 
101, the first filter means 103, which is suited for 
interpolation for image data having periodicity, and the 
second filter means 104, which performs interpolation for 
image data unsuitable for the first filter means 103, 
perform the respective convolution computing operations to 
produce filtering-processed image signals. The selection 
signal generating means 102 determines whether the inputted 
image data is image data suited for the first filter means 
103 and generates and outputs a selection signal SL . 

[ 0022 ] 

The selector means 105 is arranged to receive three 
image signals, i.e., the respective filtering-processed 
image signals produced by the first and second filter means 
103 and 104 and a target pixel signal TGI, and target-pixel 
position information TG2. Then, when the target-pixel 
position information TG2 does not indicate any position 
requiring interpolation, the selector means 105 outputs the 
target pixel signal TGI as it stands. On the other hand, 
when the target-pixel position information TG2 indicates a 
position requiring interpolation, i.e-, the position of each 
of the pixels HI to H9, the selector means 105 selects and 
outputs one of the filtering— processed image signal produced. 
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by the first filter means 103 and the filtering-processed 
image signal produced, by the second filter means 104 
according to the selection signal SL . 

[0023] 

In the following, the processing operation of the 
interpolation computing portion will be described more 
specifically. 

[0024] 

Image data as read by the one— line image reading sensor 
31 is inputted from the image input means 101. in the case 
of the first embodiment, data for the target pixel and five 
pixels situated on each of the right and left sides thereof, 
i.e., data for eleven pixels in total, are inputted. It is 
now assumed that each pixel corresponds to an 8-bit 
multivalued luminance signal of level "0" to "255". The 
target pixel is arranged to shift serially by one pixel. If 
the target pixel is the sixth pixel, image data for the 
first to eleventh pixels are supplied and processed, and, 
when the processing operation on the sixth pixel serving as 
the target pixel has been conpleted, the target pixel is 
shifted to the seventh pixel, so that image data for the 
second to twelfth pixels are supplied, thereby enabling the 
processing operation for the number of main-scanning pixels 
to be continued, further, when the processing operation for 
the entire number of main-scanning pixels has been completed. 
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the reading operation advances by one line in the sub- 
scanning direction to continue the processing operation in 
the similar way as much as the number of sub-scanning 
reading lines, then coming to an end. 

[0025] 

It should be noted that the number ”ii" of pixels of 
supplied image data is a value determined according to the - 
size of filters. If the target pixel is situated at an end 
portion of the image, there is a probability that image data 
for eleven pixels can not be supplied. In that event, pixel 
data as inputted should be outputted as they are without 
being processed. 

[0026] 

Here, while image data to be inputted from the one-line 
image reading sensor 31 are those for 710 x 10 = 7100 pixels 
in the main-scanning direction, it is considered that, for 
the purpose of simplifying the processing operation, each of 
the above-mentioned interpolation pixels HI to H9 is 
inserted, as dummy data, in between the last pixel L of each 
of the image sensors 31-1 to 31-9 and the first pixel F of 
the next image sensor. Since data for each of the 
interpolation pixels Hi to H9 is outputted after being 
finally subjected to the interpolation confuting operation, 
the dummy data may be set to any value. It is here assumed 
that "0” is inputted as the dummy data. 
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10027] 

It would be seen from the foregoing that the first 
pixel to the 710-th pixel correspond to pixel data generated 
by the first image sensor 31-1, the 711-th pixel corresponds 
to "HI" (dummy data), the 712-th pixel to the 1421-st pixel 
correspond to pixel data generated by the second image 
sensor 31-2, and the 1422-nd pixel corresponds to "H2" 

(dummy data) . The subsequent pixels correspond to image 
data generated and inputted in the same way. Accordingly, 
image data to be inputted are considered to be image data 
for 7109 pixels in total, "7109" being obtained by adding 
the number ”9" of defective pixels to the number "7100" of 
main-scanning pixels. The position of each of the pixels HI 
to h 9, which are required to be subjected to interpolation, 
becomes : 

(the number ”710" of pixels of each image sensor + 1) 

X M-th pixel, 

where N is an integral number. 

[0028] 

While it has been mentioned that the required number of 
main-scanning pixels is "7100", even if the one-line image 
reading sensor is arranged to be able to read a wider range 
than the required range, image data for pixels situated 
outside the required range may be neglected without being 
used, so that no serious problems would arise. 
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[0029] 

Image data inputted from the image input means 101 is 
supplied to the first filter means 103. The image data as 
inputted is image data for the target pixel and five pixels 
situated on each of the right and left sides in the vicinity 
of the target pixel, i.e., image data for eleven pixels, and 
a convolution computing operation is performed with the use 
of the image data for eleven pixels. The processing 
operation of the first filter means 103 is required for 
performing an effective interpolation computing operation on 
image data having periodicity, as mentioned above. 

[0030] 

Here, one example of filter coefficients for eleven 
pixels will be mentioned as follows; 

[0031] 

23, -49, 75, -98, 113, 0, 113, -98, 75, -49, 23. 

In the filter coefficients for eleven pixels, 
coefficient "0” situated at the center is used for the 
target pixel. In each of the pixels HI to H9, which are 
required to be subjected to interpolation, there is 
previously set dummy data, which is made "0" so as not to 
have an influence on the convolution computing operation. 
Therefore, the convolution computing operation is performed 
with ten pixels other than the target pixel. With the above 
coefficients used, image data for each pixel is multiplied 
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by the coefficient corresponding to the position of the 
individual pixel. For example, such a computing operation 
is performed that the leftmost coefficient "23” is 
niultiplied by image data for the fifth pixel as counted to 
the left from the target pixel, and the second coefficient 
"-49" as counted from the far left is multiplied by image 
data for the fourth pixel as counted to the left from the 
target pixel. 

[0032] 

The first filter means 103 is arranged to compute a 
value obtained by dividing by "128" the summation of results 
of such multiplications for ten pixels. The number "128" is 
a normalization number for the filter coefficients. If it 
is intended to obtain the same frequency response, the 
filter coefficients will vary according to the normalization 
number. It is desirable that the normalization number is 
the power of "2" for the purpose of hardware processing or 
high-speed software processing. In the case of the first 
embodiment, the normalization number is tentatively set to 
"128". 

[0033] 

Fig. 4 is a graph showing the spatial frequency 
response of the above-mentioned coefficients to be used in 
the first filter means 103, in which the abscissa axis 
represents a spatial frequency (Ip/mm) and the ordinate axis 
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represents a gain . 

[0034] 

In the first embodiment, since the reading resolution 
is 600 dpi, the graph of Fig. 4 illustrates up to the 
spatial frequency of 300 dpi = about 12 [Ip /mm] . The gain 
becomes almost "1" when the spatial frequency is in the 
range of 0 [Ip /mm] to 8 [Ip/mm] . This implies that it is 
possible to almost adequately perform an interpolation 
process with respect to an image having a spatial frequency 
of up to 8 [Ip/mrn] . In other words, even if halftone dots 
having high periodicity, such as print, exist in an image on 
an original, it is possible to adequately conpute an 
interpolation pixel from neighboring pixels through 
interpolation if the image has a spatial frequency of up to 
8 [Ip/itim] = about 200 lines. Accordingly, it is possible to 
prevent the joint portions HI to H9 from becoming 
conspicuous . 

[0035] 

It would also be seen that, as the spatial frequency 
becomes higher, the gain becomes minus while increasing in 
absolute value . This implies that, with respect to an image 
having a higher frequency component, the amplitude of image 
data is reversed from that of the image on an original and 
becomes large unnaturally. However, since any image on 
originals rarely has a spatial frequency of more than 200 
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lines at present, no serious problems would, arise. 

[0036] 

Image data inputted from the image input means 101 is 
also supplied to the second filter means 104. As inputted 
data, data for the target pixel and data for right and left 
pixels adjacent to the target pixel, i.e., data for three 
pixels in total, are selected, and a convolution computing 
operation is performed with the use of the data for three 
pixels. The processing operation of the second filter means 
104 is required for performing an effective interpolation 
computing operation on image data that is unsuitable for the 
processing operation of the first filter means 103- Further, 
since the second filter means. 104 is intended for an image 
having no periodicity, it is possible to configure the 
second filter means 104 in a filter size smaller than the 
size of the first filter means 103. 

[0037] 

One example of filter coefficients for three pixels 
will be mentioned as follows: 

[0038] 

64, 0, 64. 

In the filter coefficients for three pixels, the 
coefficient situated at the center is used for the target 
pixel and is "0”. In each of the pixels HI to H9, which are 
required, to be subjected to interpolation, there is 
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previously set dummy data, which is made "0" so as not to 
have an influence on the convolution computing operation. 
Therefore, the convolution computing operation is performed 
with two pixels other than the target pixel. Further, like 
the first filter means 103, the normalization number is 
"128"/ and the processing operation of the second filter 
means 104 is performed with a result of the convolution 
computing operation divided by "128". Here, while the 
normalization number is set to "128", such a simple circuit 
arrangement may be employed, that the normalization number is 
set to "2" and the coefficient for each of the right and 
left pixels is set to "1" and the coefficient for the target 
pixel is set to "0". Although^ in the first embodiment, the 
normalization number in the second filter means 104 is made 
the same as in the first filter means 103, it is unnecessary 
to employ the same normalization number. 

[0039] 

The image input means 101 supplies image data also to 
the selection signal generating means 102. The selection 
signal generating means 102 determines whether the image 
data as inputted is data of an image having no periodicity, 
which is unsuitable for the processing operation of the 
first filter means 103. When having determined that the 
image data as inputted is data of an image suitable for the 
processing operation of the first filter means 103, the 
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selection signal generating means 102 outputs a selection 
signal SL at ”1”, and when having determined that the image 
data as inputted is data of an image unsuitable for the 
processing operation of the first filter means 103, the 
selection signal generating means 102 outputs the selection 
signal at "0". The selection signal SL is supplied to the 
selector means 105. 

[0040] 

<Details of Selection Signal Generating Means 102> 

Fig. 5 is a diagram showing the internal arrangement of 
the selection signal generating means 102. 

[0041] 

Referring to Fig. 5, reference numeral 801 represents 
left flatness detecting means, and reference numeral 802 
represents right flatness detecting means. Reference 
numeral 803 represents AND processing means. Each of the 
left flatness detecting means 801 and the right flatness 
detecting means 802 outputs a signal at ”0" when having 
determined that the luminance level of image data is flat, 
and outputs a signal at "1" when having determined that the 
luminance level of image data is not flat. Thus, when it 
has been determined by the left flatness detecting means 801 
and the right flatness detecting means 802 that neither of 
the luminance levels of image data on the right and left 
sides of the target pixel is flat, the AND processing means 
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803 outputs a signal at "1" to produce the selection signal 
^ indicating that a result of processing provided by the 
first filter means 103 is to be used. When it has been 
determined that at least one of the luminance levels of 
image data on the right and left sides of the target pixel 
is flat, the AND processing means 803 outputs a signal at 
”0" to produce the selection signal SL indicating that a 
result of processing provided by the second filter means 104 
is to be used. 

[0042] 

Fig. 6 is a graph showing an example of image that is 
not suited for a result of processing provided by the first 
filter means 103. 

[0043] 

In the graph of Fig. 6, the abscissa axis represents a 
pixel, and the ordinate axis represents the luminance level, 
thereby illustrating the distribution of luminance levels in 
the main-scanning direction, when the luminance level is 
high, it indicates a bright pixel, and when the luminance 
level is low, it indicates a dark pixel. The target pixel 
is situated in the position "5" (marked with *) as shown in 
Fig. 7 (numbers "0" to "10" being assigned to pixels from 
the left to the right) , which illustrates image data 
supplied to the first filter means 103. If image data of 
such a target pixel is processed by the first filter means 
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103, it; would result in a darker pixel than the surrounding 
pixels. If such a darker pixel continues for several lines 
in the sub-scanning direction, the joint portions would 
become conspicuous . 

[0044] 

It would be seen from the graph of Fig. 6 that the 
example of image represents an image having no periodicity, 
in which pixels situated on the left side of the target 
pixel are bright and pixels situated on the right side of 
the target pixel are dark. Such a distribution occurs where 
the pixels situated on the left side of the target pixel 
correspond to a sheet surface and the pixels situated on the 
right side of the target pixel correspond to characters. As 
mentioned in the foregoing, if such a condition continues 
over several lines in the sub-scanning direction, a dark 
linear noise would be caused at a portion corresponding to a 
part of the sheet surface adjacent to the character portion. 
In that event, using the processing operation of the second 
filter means 104 makes it possible to perform an adequate 
interpolation processing operation. In other words, a mean 
value between data for the pixel situated in the position 
"4" and data for the pixel situated in the position "6" is 
used as interpolation pixel data, so that any extremely-dark 
and conspicuous noise as represented in Fig. 6 can be 
prevented . 
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[0045] 

Thus, in cases where the inputted image data has been 
determined to be data of an image having no periodicity and 
unsuitable for the processing operation of the first filter 
means 103, i.e., data having a distribution of luminance 
levels unsuitable for the processing operation of the first 
filter means 103, a result of the processing operation of 
the second filter means 104 is made to be used, so that each 
joint portion can be prevented from, becoming conspicuous - 

[0046] 

The left flatness detecting operation is performed as 
described below. 

[0047] 

First, the left flatness detecting means 801 computes a 
maximum value MAX and a minimum value MIN from among four 
pixels (pixels ”1", "2”, "3" and "4’’ shown in Fig. 7). If a 
difference between the maximum value and the minimum value 
(MAX - MIN) is not greater than a predetermined threshold 
value (THO), the left flatness detecting means BOl 
determines the inputted image data to be data of a flat- 
luminance image and then outputs a signal at "0". If a 
difference between the maximimi value and the minimum value 
(MAX - MIN) is greater than the predetermined threshold 
value (THO), the left flatness detecting means 801 
determines the inputted image data to be data of a non-flat- 
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lurainance image and then outputs a signal at ”1". 

[0048] 

If the inputted image data is data of an image having 
periodicity and having amplitude greater than a given value, 
it is supposed that a difference between the maximum value 
and the minimum value (MAX - MIN) in the four pixels becomes 
a great value. To judge this supposition, the above- 
mentioned computing operation is performed, to determine 
whether the inputted image data is data of a non— flat- 
luminance image (presumed to have periodicity) or data of a 
flat-luminance image. Although, in the first embodiment, 
four pixels are used to detect the flatness of an image, it 
goes without saying that the invention is not limited to 
such an arrangement. 

[0049] 

On the other hand, the right flatness detecting 
operation is performed in the same manner with the use of 
pixels "6", *'7", "8" and "9" shown in Fig. 7. 

[0050] 

The selector means 105 receives a result of the 
processing operation of the first filter means 103, a result 
of the processing operation of the second filter means 104, 
the target pixel signal TGI and the target-pixel position 
information TG2, and outputs the target pixel signal TGI as 
it stands when the target-pixel position information TG2 has 
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indicated that the position of the target pixel does not 
correspond to any joint portion. 

[0051] 

In cases where the position of the target pixel 
corresponds to a joint portion, the selector means 105 
selects and outputs one of a result of the processing 
operation of the first filter means 103 and a result of the 
processing operation of the second filter means 104 
according to the selection signal SLj_ 

[0032] 

In the first embodiment as described above, each joint 
portion of the image sensors is made to have a distance 
(length) corresponding approximately to two pixels, and one 
pixel in the distance of the joint portion is computed 
through interpolation with the use of neighboring pixel data. 
The interpolation computing operation is performed by means 
of digital filters that perform convolution computation on 
neighboring pixel data. First, such a filter as to make it 
possible to perform interpolation computation without 
deterioration of image quality if image data is data of an 
image having periodicity is designed by means of the first 
filter means 103, which is a digital filter of the filter 
size in which five pixels on each of the right and left 
sides of the target pixel are used. However, in the case of 
the interpolation computation by the first filter means 103, 
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if image data is data of an image having large variation of 
luminance values and having no periodicity, such as a 
boundary between a sheet surface and characters, 
deterioration of image quality would be caused. Therefore, 
there is provided the second filter means 104, which is 
suitable for performing interpolation conputation on data of 
an image having little periodicity, without deterioration of 
image quality, and which is a digital filter of the small 
filter size in which interpolation pixel data is generated 
with a mean value of data for one pixel on the right side 
and data for one pixel on the left side of the target pixel. 
Then, it is determined whether the distribution of luminance 
levels on each of the right and left sides of the target 
pixel to be subjected to interpolation is flat. If the 
distribution of luminance levels is determined to be flat, 
image data is considered to be data of an image having 
little periodicity, and, therefore, a result of the 
interpolation computing operation provided by the second 
filter means 104 is used for interpolation. 

[0053] 

Thus, there are provided the first filter means 103 and 
the second filter means 104, which are adaptively changed 
over. Accordingly, even in an image reading apparatus 
having such an image reading sensor that a plurality of 
image sensors are arranged in a row, it is possible to 
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simply and precisely compensate for missing data 
corresponding to joint portions of the image sensors through 
interpolation so as to obtain a high-quality image without 
making any conspicuous noise caused by the joint portions of 
the image sensors . 

[0054] 

(Second Embodiment) 

In a second embodiment of the invention, the selection 
signal generating means 102 is configured as shown in Fig. 8. 

[0055] 

Referring to Fig. 8, reference numeral 801 represents 
left flatness detecting means, reference numeral 802 
represents right flatness detecting means, and. reference 
numeral 803 represents AND processing means. These 
functions are the same as those shown in Fig. 5 and perform 
the same processing operation, and, therefore, the details 
thereof are omitted from the following description. 

Reference numeral 901 represents center flatness detecting 
means, reference numeral 902 represents center flatness 
exception detecting means, reference numeral 903 represents 
OR processing means, and reference numeral 904 represents 
AND processing means. 

[0056] 

In the second embodiment, with the selection signal 
generating means 102 provided with the center flatness 



30 




11/27/2006 



15:15 17037266024 



ROSSI 



PAGE 50 



detecting means 901 and the centex flatness exception 
detecting means 902, it is possible to generate a more 
highly accurate selec tion signal SL. 

[0057] 

Fig. 9 is a graph showing an example of image that is 
not suited .for a result of processing provided by the first 
filter means 103. In the graph of Fig. 9, the abscissa axis 
represents a pixel, and the ordinate axis represents the 
luminance level, thereby illustrating the distribution of 
luminance levels in the main-scanning direction. When the 
luminance level is high, it indicates a bright pixel, and 
when the luminance level is low, it indicates a dark pixel. 

[0058] 

In the case of the example of image shown in Fig. 9, 
the target pixel is situated in the position "5" as shown in 
Fig- 7. If image data of such a target pixel is processed 
by the first filter means 103, it would result in a darker 
pixel than the surrounding pixels. If such a darker pixel 
continues for several lines in the sub-scanning direction, 
the joint portions would become conspicuous. 

[0059] 

It would be seen from the graph of Fig. 9 that the 
example of image represents an image having no periodicity 
or having a too long period to detect with 11 pixels, in 
which pixels situated on the left side of the target pixel 
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are brighter than the target pixel and pixels situated on 
the right side of the target pixel are darker than the 
target pixel. Such a distribution occurs where the pixels 
situated on each of the right and left sides of the target 
pixel correspond to dark image data, such as lines, and the 
pixels situated on the center correspond to bright and white 
image data. As mentioned in the foregoing, if such a 
condition continues over several lines in the sub-scanning 
direction, a dark linear noise would be caused at a bright 
image portion located between two dark image data. In that 
event, using the processing operation of the second filter 
means 104 makes it possible to perform an adequate 
interpolation processing operation. In other words, a mean 
value between data for the pixel situated in the position 
”4" and data for the pixel situated in the position ”6"- is 
used as interpolation pixel data, so that any extremely-dark 
and conspicuous noise, as in the case shown in Fig. 9, can 
be prevented. 

[0060] 

in that event, in order to avoid the above-mentioned 
problem, the center flatness detecting means 901 outputs the 
selec tion signal SL at "0" to cause the result of processing 
provided by the second processing means 104 to be selected. 
The center flatness detecting operation is performed as 
described below. 
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[0061] 

First, the center flatness detecting means 901 computes 
a maximuin value MAX and a itiiniitium value MIN from among four 
pixels (pixels "3”, "4", "6” and "7" shown in Fig. 7). If a 
difference between the maximum value and the minimum value 
(MAX - MIN) is not greater than a predetermined threshold 
value (TH2), the center flatness detecting means 901 
determines the inputted image data to be data of a flat- 
luminance image and then outputs a signal at "0". If a 
difference between the maximum value and the minimum value 
(MAX - MIN) is greater than the predetermined threshold 
value (TH2), the center flatness detecting means 901 
determines the inputted image data to be data of a non-flat- 
luitiinance image and then outputs a signal at ”1". It should 
be noted that, in the case of the example of image shown in 
Fig. 9, if the flatness detecting operation were performed 
with the use of four pixels situated on each of the right 
and left sides of the target pixel, the inputted image data 
would be determined to be data of a non-flat-luminance image 
on both the right and left aides, and a result of processing 
provided by the first filter means 103 would be used. 
Therefore, the center flatness detecting operation is 
performed to enable a result of processing provided by the 
second filter means 104 to be used regardless of results of 
the right and left flatness detecting operations. 
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[0062] 

The center flatness exception detecting means 902 
outputs a signal at "1" in cases where using a result of 
processing provided by the first filter means 103 makes it 
possible to perform an adequate interpolation computing 
operation even if the center flatness detecting means 901 
has determined that the inputted image data is data of a 
flat- luminance image. Then, the OR processing means 903 
outputs the logical sum of the output signals of the center 
flatness detecting means 901 and the center flatness 
exception detecting means 902, so that a more highly 
accurate selec tion signal SL can be generated. More 
specifically, in cases where the center flatness detecting 
means 901 outputs a signal at "0" upon determination that 
the inputted image data is data of a flat~luminance image 
and the center flatness exception detecting means 902 
outputs a signal at "0" upon determination that the 
processing operation of the first filter means 103 is 
unnecessary, the OR processing means 903 outputs a signal at 
”0", thereby generating such a signal as to cause a result 
of processing provided by the second filter means 104 to be 
used, in other cases, the OR processing means 903 outputs a 
signal at "1", thereby generating such a signal as to cause 
a result of processing provided by the first filter means 
103 to be used. 
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[0063] 

The center flatness exception detecting means 902 is 
arranged to output a signal at ”1" to cause a result of 
processing provided by the first filter means 103 to be 
selected in the case of an example of image shown in Fig. 10. 
Fig. 10 is a graph showing the distribution of luminance 
levels of image data for the purpose of explaining the 
operation of the center flatness exception detecting means 
902, The graph of Fig. 10 is presumed to represent the 
distribution of luminance levels of an image having a period 
of three pixels in which two pixels are bright and one pixel 
is dark. Such a distribution would occur on an image having 
200 lines on a print original or the like. 

[0064] 

In that event, if an interpolation computing operation 
is performed with the use of a result of processing provided 
by the second filter means 104, a portion of image data that 
should be subjected to interpolation computation as a dark 
pixel, such as a pixel in the position "2" or "8", would be 
subjected to interpolation computation as a bright pixel. 

To prevent such an inconvenience, the center flatness 
exception detecting means 902 performs the following 
processing operation. 

[0065] 

With the use of pixels "1", ”2", "3'», "7", "8" and "9”, 
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the center flatness exception detecting means 902 outputs a 
signal at "1” in cases where a difference in level (absolute 
value) between the pixels ”1'* and "2'' is greater than a 
threshold value TH3, a difference in level (absolute value) 
between the pixels "9” and "8" is greater than a threshold 
value TH4, a difference in level (absolute value) between 
the pixels "1" and "3" is less than the difference in level 
(absolute value) between the pixels "1" and ”2”, and a 
difference in level (absolute value) between the pixels "7" 
and "9” is less than the difference in level (absolute 
value) between the pixels ”8" and "9'’. In other cases, the 
center flatness exception detecting means 902 outputs a 
signal at "0". 

[0066] 

In the second embodiment, the selection signal 
generating means 102 is provided with the left flatness 
detecting means 801, the right flatness detecting means 802, 
the center flatness detecting means 901 and. the center 
flatness exception detecting means 902. In cases where at 
least one of the left flatness detecting means 801 and the 
right flatness detecting means 802 has determined that the 
inputted image data is data of a flat -luminance image, or in 
oases where the center flatness detecting means 901 has 
determined that the inputted image data is data of a flat- 
luminance image and a predetermined condition has not been 
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satisfied in the center flatness exception detecting means 
902, the selection signal generating means 102 performs such 
an operation as to select a result of processing provided by 
the second filter means 104. Accordingly, it is possible to 
simply and precisely compensate for missing data 
corresponding to joint portions of the image sensors through 
interpolation so as to obtain a higher-quality image without 
making the joint portions of the image sensors conspicuous. 

[0067] 

Incidentally, although each of the threshold values THO 
to TH4 used in the above-mentioned processing operations is 
merely a matter of design choice, if, assuming that the 
luminance level is divided into 255 levels, the threshold 
value is set to an extremely large value, such as level 
”200" or more, or an extremely small value, such as level 
"0", it becomes inpossible to obtain an intended effect. 
Therefore, it is necessary to select an appropriate 
numerical value for the threshold value. For example, if 
the threshold value is set to level "20" or thereabout, an 
expected effect is easy to obtain. 

[ 0068 ] 

The invention is not limited to the apparatuses 
described in the above embodiments, and may be applied to a 
system composed of a plurality of apparatuses or may be 
applied to a device composed of a single apparatus. It goes 
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without saying that the invention may be accomplished by 
supplying, to the system or apparatus, a storage medium 
having software program codes stored therein for realizing 
the functions of each embodiment and by causing a computer 
(or CPU or MPU) of the system or apparatus to read and 
execute the program codes stored in the storage medium. 

[0069] 

In this instance, the program codes themselves read 
from the storage medium realise the functions of the above 
embodiments, and the storage medium having the program codes 
stored therein constitutes the invention. As a storage 
medium for supplying the program codes, there may be used, 
for example, a floppy (trademark) disk, a hard disk, an 
optical disk, a magneto-optical disk, a CD-ROM, a CD-R, a 
magnetic tape, a nonvolatile memory card, a ROM, etc. 
Further, it goes without saying that not only the step of 
realizing the functions of the above embodiments by 
executing the program codes read by the computer but also 
the step of realizing the functions of the above embodiments 
by causing an OS or the like working on the computer to 
perform a part or the whole of actual processing operations 
on the basis of instructions represented by the program 
codes may be included in the invention. 

[0070] 

In addition, it goes without saying that the step of 
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realizing the functions of the above embodiments by causing 
the program codes read from the storage medium to be written 
in a memory provided on a function expansion board inserted 
into a computer or a function expansion unit connected to a 
corcputer and, then, causing a CPU or the like provided on 
the function expansion board or the function expansion unit 
to perform a part or the whole of actual processing 
operations on the basis of instructions represented by the 
program codes. 

[0071] 

[Advantages] 

As has been described above, according to the invention, 
even when there is a target pixel to be interpolated, as in 
the case of reading an image with an image reading apparatus 
having a plurality of image reading sensors that are joined 
with one another, it is possible to simply and precisely 
compensate for target pixel data through interpolation so as 
to obtain a high-quality image. 

[Brief Description of the Drawings] 

[Fig. 1] 

Fig. 1 is a block diagram showing the arrangement of an 
interpolation computing portion provided in an image reading 
apparatus (scanner) according to a first embodiment of the 
invention . 

[Fig. 2] 
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Fig. 2 is a diagram showing the appearance of the image 
reading apparatus according to each embodiment of the 
invention. , 

[Fig. 3] 

Fig. 3 is a diagram for illustrating the operation of 
an image reading sensor according to each embodiment of the 
invention. 

[Fig. 4] 

Fig. 4 is a graph showing a spatial frequency response 
of coefficients that are used in first filter means 103. 

[Fig. 5] 

Fig. 5 is a diagram showing the internal arrangement of 
selection signal generating means shown in Fig. 1. 

[Fig. 6] 

Fig. 6 is a graph showing an example of image that is 
not suited for a result of processing provided by the first 
filter means shown in Fig. 1. 

[Fig. 7] 

Fig. 7 is a diagram showing the positions of pixels for 
the purpose of explaining various processing operations. 

[Fig. 8] 

Fig. 8 is a block diagrams showing the internal 
arrangement of selection signal generating means according 
to a second embodiment of the invention. 

[Fig. 9] 
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Fig. 9 is a graph showing the distribution of luminance 
levels of image data for the purpose of explaining a center 
flatness detecting operation. 

(Fig. 10] 

Fig. 10 is a graph showing the distribution of 
luminance levels of image data for the purpose of explaining 
a center flatness exception detecting operation. 

(Reference Numerals] 

31 : one-line image reading sensor 

31-1 to 31-10: image sensors 

101: image input means 

102: selection signal generating means 

103: first filter means 

104: second filter means 

105: selector means 
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Reference No. 253141 Dispatch No. 139214 

Dispatch Date: April 19, 2005 

Notification of Reason for Refusal 



2003-064998 
April 12, 2005 
TsutomU WATANABE 8948 5V00 
Toshihiko WATANABE 
Patent Law Section 36 

This application is refused for the reason mentioned 
below. If the applicant has any argument against the reason, 
such argument should be submitted within 60 days from the 
date on which this notification was dispatched. 



Patent Application No. 
Drafting Date 
JPO Examiner 
Agent / Applicant 
Applied Provision 



Reason 

The descriptions in claim noted below do not comply 
with the requirements of Patent Law Section 36(4) and 36(6). 



Note 

It is unclear what ”said degree-of-correlation 
detecting means" in claim 7 refers to. 

For the claims other than the claim specified in this 
notification of reason for refusal, no reason for refusal is 
found at present. If any reason for refusal is found later, 
it will be notified. 



Record of the results of prior art search 



•Technical field (s) searched: 
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•Prior art document; 

This record is not part of the reason for refusal. 
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[Name of Document] Amendment 

[Reference No.] 253141 

[Date of Submission] June 15/ 2005 

[Destination] Commissioner of the Patent Office 

[Description of the case] 

[Application No.] Patent Application No. 2003-64998 

[Applicant] 

[Id. No.] 000001007 

[Name] CANON KABUSHIKI KAISHA 

[Agent] 

[Id. No.] 100081880 

[Patent Attorney] 

[Name] Toshihiko WATANABE 

[Phone No.] > 03-3580-8464 

[Amendment 1] 

[Name of Document to be Amended] Specification 
[Name of Item to be Amended] Claims 
[Manner of Amendment] Change 
[Content of Amendment] 

[Claims] 

[Claim 1] An image reading apparatus comprising image 
reading means for reading an image on an original for each 
pixel; and pixel interpolation means for conpensating for 
pixel data corresponding to a target pixel through 
interpolation with interpolation data. 
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said pixel interpolation means comprising degree-of- 
flatness detecting means for detecting the degree of 
flatness of a plurality of pixel data situated in the 
vicinity of the target pixel; filter-size selecting means 
for selecting a filter size according to a result of 
detection provided by said degree-of-f latness detecting 
means; and interpolation-data confuting means for computing 
the interpolation data by performing a filtering operation 
on the plurality of pixel data situated in the vicinity of 
the target pixel according to the filter size selected. 

[Claim 2 ] An image reading apparatus according to 
claim 1, wherein said image reading means is composed of a 
plurality of image sensors arranged in a row at 
predetermined interrvals, and the target pixel is a pixel 
corresponding to a space between adjacent image sensors. 

[Claim 3] An image reading apparatus according to 
claim 1 or 2, wherein said interpolation-data computing 
means includes a plurality of filters having respective 
different filter sizes. 

[Claim 4] An image reading apparatus according to any 
one of claims 1 to 3, wherein said filter size is based on 
the number of pixels that said interpolation-data computing 
means makes reference to when computing the interpolation 
data. 

[Claim 5] An image reading apparatus according to any 
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one of claims 1 to 4, wherein said degree-of-f latness 
detecting means detects the degree of flatness of a 
plurality of pixel data situated on each of both sides of 
the target pixel. 

[Claim 6] An image reading apparatus according to 
claim 5, wherein said degree-of-f latness detecting means, 
confutes a maximum value and a minimum value of the 
plurality of pixel data situated on each of both sides of 
the target pixels and determines that the degree of flatness 
is high, if a difference between the maximum value and the 
minimum value is not greater than a predetermined threshold 
value. 

[Claim 7] An image reading apparatus according to 
claim 5, wherein said degree-of - flatness detecting means 
detects the degree of flatness of the plurality of pixel 
data situated on each of both sides of the target pixel. 

[Claim 8] A data interpolation method for an image 
reading apparatus having image reading means for reading an 
image on an original for each pixel and arranged to 
compensate for pixel data corresponding to a target pixel 
through interpolation with interpolation data, said data 
interpolation method comprising: 

detecting the degree of flatness of a plurality of 
pixel data situated in the vicinity of the target pixel; 
selecting a filter size according to a result of detection 
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Of the degree of flatness; and computing the interpolation 
data by performing a filtering operation on the plurality of 
pixel data situated in the vicinity of the target pixel 
according to the filter size selected. 

[Claim 9] A control program for allowing a computer to 
execute a data interpolation method for an image reading 
apparatus having image reading means for reading an image on 
an original for each pixel and arranged to compensate for 
pixel data corresponding to a target pixel through 
interpolation with interpolation data, the method 
comprising; 

a step of detecting the degree of flatness of a 
plurality of pixel data situated in the vicinity of the 
target pixel; 

a step of selecting a filter size according to a result 
of detection of the degree of flatness; and 

a step of computing the interpolation data by 
performing a filtering operation on the plurality of pixel 
data situated in the vicinity of the target pixel according 
to the filter size selected. 

[Amendment 2] 

[Name of Document to be Amended] Specification 
[Name of Item to be Amended] 0008 
[Manner of Amendment] Change 
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[content of Amendment] 

[0008] 

[Means for Solving the Problems] 

To attain the above object, an image reading apparatus 
as set forth in claim 1 is an image reading apparatus 
including image reading means for reading an image on an 
original for each pixel; and pixel interpolation means for 
compensating for pixel data corresponding to a target pixel 
through interpolation with interpolation data. The pixel 
interpolation means includes degree^of-flatness detecting 
means for detecting the degree of flatness of a plurality of 
pixel data situated in the vicinity of the target pixel; 
filter-size selecting means for selecting a filter size 
according to a result of detection provided by the degree- 
of-flatness detecting means; and interpolation-data 
computing means for confuting the interpolation data by 
performing a filtering operation on the plurality of pixel 
data situated in the vicinity of the target pixel according 
to the filter size selected. 

[Amendment 3] 

[Name of Document to be Amended] Specification 
[Name of Item to be Amended] 0027 
[Manner of Amendment] Change 
[Content of Amendment] 
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[0027] 

It would be seen from the foregoing that the first 
pixel to the 710-th pixel correspond to pixel data generated 
by the first image sensor 31-1, the 711— th pixel corresponds 
to ”H1” (dummy data), the 712-th pixel to the 1421-st pixel 
correspond to pixel data generated by the second image 
sensor 31-2, and the 1422-nd pixel corresponds to "H2" 

(dummy data) . The subsequent pixels correspond to image 
data generated and inputted in the same way. Accordingly, 
image data to be inputted are considered to be image data 
for 7109 pixels in total, "7109" being obtained by adding 
the number "9" of interpolation pixels to the number ”7100” 
of main-scanning pixels. The position of each of the pixels 
Hi to H9, which are required to be subjected to 
interpolation, becomes: 

(the number "710" of pixels of each image sensor +1) 

X M-th pixel, 

where N is an integral number. 
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[Name of Document] Argxjment 

[Reference No.] 253141 

[Date of Submission] June 15, 2005 

[Destination] Examiner of the Patent Office, 

Tsutomu WATANABB 
[Description of the Case] 

[Application No.] Patent Application No. 2003-64998 

[Applicant] 

[Id. No.] 000001007 

[Name] CANON KABUSHIKI KAISHA 

[Agent] 

[Id. No.] 100081880- 

[Patent Attorney] 

[Name] Toshihiko WATANABE 

[Phone No.] 03-3580-8464 

[Dispatch No.] 139214 

[Content of Argument] 

(1) We examined, the notification of reason for refusal 
indicating that "the invention according to the subject 
application is unpatentable since the descriptions in the 
claim do not comply with the requirements of Patent Law 
Section 36(4) and 36(6)” and submitted the amendment to 
amend the specification. 

(2) Features of the Amended Subject invention 

An image reading apparatus according to the invention 
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in claim 1 of the amended subject application is "an image 
reading apparatus comprising image reading means for reading 
an image on an original for each pixel; and pixel 
interpolation means for compensating for pixel data 
corresponding to a target pixel through interpolation with 
interpolation data, said pixel interpolation means 
comprising degree-of-flatness detecting means for detecting 
the degree of flatness of a plurality of pixel data situated 
in the vicinity of the target pixel; filter-size selecting 
means for selecting a filter size according to a result of 
detection provided by said degree-of-f latness detecting 
means; and interpolation-data computing means for computing 
the interpolation data by performing a filtering operation 
on the plurality of pixel data situated in the vicinity of 
the target pixel according to the filter size selected". 

The image reading apparatus according to the invention 
in claim 2 of the amended subject application is "according 
to claim 1, wherein said image reading means is composed of 
a plurality of image sensors arranged in a row at 
predetermined intervals, and the target pixel is a pixel 
corresponding to a space between adjacent image sensors"; 

The image reading apparatus according to the invention 
in claim 3 of the amended subject application is "according 
to claim 1 or 2, wherein said interpolation-data computing 
means includes a plurality of filters having respective 
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different filter sizes"; 

The image reading apparatus according to the invention 
in claim 4 of the amended subject application is "according 
to any one of claims 1 to 3, wherein said filter size is 
based on the number of pixels that said interpolation-data 
computing means makes reference to when computing the 
interpolation data"; 

The image reading apparatus according to the invention 
in claim 5 of the amended subject application is "according 
to any one of claims 1 to 4/ wherein said degree-of-flatness 
detecting means detects the degree of flatness of a 
plurality of pixel data situated on each of both sides of 
the target pixel"; 

The image reading apparatus according to the invention 
in claim 6 of the amended subject application is "according 
to claim 5, wherein said degree-of-flatness detecting means 
computes a maximum value and a minimum value of the 
plurality of pixel data situated on each of both sides of 
the target pixel, and determines that the degree of flatness 
is high, if a difference between the maximum value and the 
minimum value is not greater than a predetermined threshold 
value"; 

The image reading apparatus according to the invention 
in claim 7 of the amended subject application is "according 
to claim 5, wherein said degree-of-flatness detecting means 
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detects the degree of flatness of the plurality of pixel 
data situated on each of both sides of the target pixel"; 

A data interpolation method for an image reading 
apparatus according to the invention in claim 8 of the 
amended subject application is "a data interpolation method 
for an image reading apparatus having image reading means 
for reading an image on an original for each pixel and 
arranged to compensate for pixel data corresponding to a 
target pixel through interpolation with interpolation data, 
said data interpolation method comprising detecting the 
degree of flatness of a plurality of pixel data situated in 
the vicinity of the target pixel; selecting a filter size 
according to a result of detection of the degree of 
flatness; and computing the interpolation data by performing 
a filtering operation on the plurality of pixel data 
situated in the vicinity of the target pixel according to 
the filter size selected"; and 

A control program according to the invention in claim 9 
of the amended subject application is "a control program for 
allowing a computer to execute a data interpolation method 
for an image reading apparatus having image reading means 
for reading an image on an original for each pixel and 
arranged to compensate for pixel data corresponding to a 
target pixel through interpolation with interpolation data, 
the method comprising a step of detecting the degree of 
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flatness of a plurality of pixel data situated in the 
vicinity of the target pixel; a step of selecting a filter 
size according to a result of detection of the degree of 
flatness; and a step of computing the interpolation data by 
performing a filtering operation on the plurality of pixel 
data situated in the vicinity of the target pixel according 
to the filter size selected". 

(3) Regarding the Reason for Refusal 

"Said degree-of-correlation detecting means" in claim 7 
of the original subject application is amended in the 
amendment to "said degree-of-flatness detecting means". The 
degree~of -flatness detecting means is, as is clear from the 
amended claim 1, means "for detecting the degree of flatness 
of a plurality of pixel data situated in the vicinity of the 
target pixel", and we believe that the unclearness indicated 
by the Examiner is thereby eliminated. 

(4) As has been described above, the amended subject 
invention does not constitute the reason for refusal 
indicated by the Examiner and complies with the requirements 
of Patent Law Section 36(4) and 36(6). We therefore 
respectfully request that the subject application be 
promptly granted a patent . 
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